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Why charm and beauty?

High mass: produced in hard scatterings (short time scales)

Propagate through the QGP interacting with its constituents

» Seqguential melting: can used as

« Hard fragmentation: carries a thermometer
large part of the c/b momentum « Regeneration: Enhancead

« Hadronization mechanisms quarkonium production via
(re)combination
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e Reference for A-A
collisions

 Test of pQCD-based
calculations and
oroduction

mechanisms
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« Reference for A-A « Reference for A-A
collisions collisions
 Test of pQCD-basead » Address Cold Nuclear
calculations and Matter (CNM) effects:
oroduction Shadowing, ktbroadening,
mechanisms CNM energy loss, ...

« Collective effects?
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collisions

 Test of pQCD-based
calculations and
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« Collective effects?
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Debye screening
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Study the production of HF particles across different systems

1 dNjA/dpy

RAA — 1 e
<TAA> dgpp/ dp T

understand fragmentation and hadro

Energy loss in the QGP
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icles:
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on, constrain models, etc

Study production in jets

O

Open and hidden heavy-flavour production
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D-meson and A+c production in pp

D@ 5.02 TeV

e« Measurements for DO, D+, D*+

and D+ (2.76 TeV, 5.02 TeV, 7
Te\/ and 13 TeV) and A+ (5.02
e\/ and /7 TeV)

dc -
e D-meson —— in agreement
dydpy

with different model predictions
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Prompt D°, lyl<0.5
—=— ALICE
FONLL
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arXiv:1901.0/9/79

2.76 TeV: JHEP 1207/ (2012) 191
/7 TeV: ERPJC /7 (201/7) 550

FONLL: JHEP 1210 (2012) 13/
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https://doi.org/10.1007/JHEP10(2012)137

D-meson and A+c production in pp

Nc@ /7 Tel DO@ 5.02 TeV
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and D+ (2.76 TeV, 5.02 TeV, 7 S N —— ALICE :
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describe D-meson production o 5 10
p_ (GeVic) 2.76 TeV: JHEP 1207 (2012) 191
JHEP 2018 (2018) 108 7 TeV: ERPJC 77 (2017) 550
GM-VFNS: EPJ C 41(2005) 199
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https://doi.org/10.1007/JHEP10(2012)137

D-meson and A*c Rppb

D mesons
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https://cds.cern.ch/record/2272160
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D-meson and A+: Ran

8
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Ay, lyl<0.5, 0-80%

p—-Pb reference from JHEP 04 (2018) 108
e AverageD’, D', D"

- gp D, lyl<0.5, 0-10%

~ ¢ charged particles, 1171<0.8, 0-10% (arXiv:1802.09145) -

ALICE -
Pb-Pb, | s, = 5.02 TeV _

, lyl<0.5, 0-10% (arXiv:1804.09083) |
(arXiv:1804.09083)

|
20 30 40 50

p_ (GeV/c)

D mesons: JHEP 2018 (2018) 174 A+ PLB 793 (2019) 212
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D-meson and A+: Ran
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: PN, - AL lyl<0.5, 0-80%
[AE('IT-) > AE(D) ->] Rﬁﬂ(hght) < Ran(D) i - p—Pb reference from JHEP 04 (2018) 108
e Ran(DO+*) > Ran(ch. part.) for intervals with e Average D°, D", D™, lyl<0.5, 0-10% (arXiv:1804.09083)

3<pr<8GeV/c(20) but similar at high pt 1.5 & b7, Iy1<0.5, 0-10% (arXiv:1804.09083)

~ ¢ charged particles, 1171<0.8, 0-10% (arXiv:1802.09145)
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D mesons: JHEP 2018 (2018) 174 A+ PLB 793 (2019) 212
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D-meson and A+: Ran
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: PN, AL lyl<0.5, 0-80%
[AE(T[-) > AE(D) ->] Rﬁﬂ(hght) < Ran(D) ¢ p—PIb/ reference from JHEP 04 (2018) 108
e Ran(DO+*) > Ran(ch. part.) for intervals with Average D°, D*, D™, lyl<0.5, 0-10% (arXiv:1804.09083)
3 < pr<8GeV/c(20) but similar at high pt 1.5

DT T T [ T T T
& gp

D., lyl<0.5, 0-10% (arXiv:1804.09083)
charged particles, Inl<0.8, 0-10% (arXiv:1802.09145)

R’gg(strange) > R’gg(non strange) ? \F H -
e Ran(D*s) > Ran(DO+*+), but only 1o difference :'H ALICE

Pb-Pb, | s, =5.02 TeV
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D mesons: JHEP 2018 (2018) 174 A+ PLB 793 (2019) 212
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D-meson and A+: Ran
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: PN, AL lyl<0.5, 0-80%
[AE(T[-) > AE(D) ->] Rﬂﬂ(llght) < Ran(D) ¢ p—PIb/ reference from JHEP 04 (2018) 108
e Ran(DO+*) > Ran(ch. part.) for intervals with Average D°, D*, D™, lyl<0.5, 0-10% (arXiv:1804.09083)
3 < pr<8GeV/c(20) but similar at high pt 1.5

DT T T [ T T T
& gp

D., lyl<0.5, 0-10% (arXiv:1804.09083)
charged particles, Inl<0.8, 0-10% (arXiv:1802.09145)

R’gg(strange) > R’gg(non strange) ? \F H -
e Ran(D*s) > Ran(DO+*+), but only 1o difference :'H ALICE

Pb-Pb, | s, =5.02 TeV

Bargons VS Mesons ?

e Ran(A+e) > Raa(Do0+*) in 1.70 (0-80%) -o-EEE-
Charmed-baryon production increased by G040 F

hadronisation via coalescence? O—— '1'0' — '2'0' — '3'0' — '4'0' " '5'0
p_ (GeV/c)

I
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D mesons: JHEP 2018 (2018) 174 A+ PLB 793 (2019) 212
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« Qualitative agreement between different models and data.
JHEP 2018 (2018) 1/4

 Precise measurement provides constrains to models

9 Henrique J C Zanali 2019 RHIC/AGS Annual Users' Meeting



https://doi.org/10.1007/JHEP10(2018)174

«2.2

1.8
1.6
1.4
1.2

0.8
0.6
0.4
0.2

« Qualitative agreement between different models and data.

|| T T T T a
- ALICE ]
[ 1no ] ~ -
. lyl<0.5 ]
- BAMPS el.+rad. .
I BAMPS el. -
= e Average D°, D*, D** — POWLANG HTL .
< —-. LBT _
[ % -~ - TAMU .
T MC@sHQ+EPOS2 -
By -
P W (4 =N Filed markers: pp resaled reference I?
- 3 %%‘T‘ \Open markers: pp p_-extrapolated reference =
— ? %- - % A —
-~ 7 —"'/, o % \'0’ \\ ‘ :
’_.:.~::=t'*'3""&"i:?"'3,: \ _
‘_'_‘“‘ //,//::2 \r —
- 2y,

[ g

| L] M =

p. (GeV/c)

PQCD
energy loss

cecee P

<2.2
<

x 2
1.8
1.6
1.4
1.2

,
<000000_8

Heavy-
quark

transport

0.6
0.4
0.2
0

Precise measurement provides constrains to models

¥
——

e Average D°, D, D**

ALICE
0-10% Pb-Pb, |s,, = 5.02 TeV
lyl<0.5
- Djordjevic

— - CUJET3.0
—— SCET,, 5 9=1.9-2.0

Filled markers: pp rescaled reference
Open markers: pp pT-extrapoIated reference

l\

5

10 15 20 25 30 35 40 45 50
p_ (GeV/c)

JHEP 2018 (2018) 1/4

9

Henrique J C Zanali

2019 RHIC/AGS Annual Users’ Meeting


https://doi.org/10.1007/JHEP10(2018)174

DO-tagged jets Raa and Rppb

* lQpr:

10

» Compatible with unity within
uncertainties

Henrique J C Zanali

2.5

Rpr’ Ran

1.5

0.5

e )

| I I T | I T |
ALICE Pre |m|nary -
" D-tagged jets, | s,,, = 5.02 TeV, p_,>3GeV/c ]
_ charged jets, anti-k+, R = 0.3, |77 | < O 6 _
e R,a Pb-Pb 0-20% (p-Pb data reference) B
~ m Rp_Pb (pp data reference) ~
- < _
u -+- . S |
. B = = -
l 4+ :
_| I [ | I I I | ]
1 10 10°
P T,ch jet (GeVic)

2019 RHIC/AGS Annual Users’ Meeting




DO-tagged jets Ran and Rppp  «.»*

< 25 | | I | I |
D:< ALICE Pre |m|nary -
2 " D-tagged jets, | s,,, = 5.02 TeV, p_,>3GeV/c ]
— | charged jets, anti-k{, R = 0.3, 06 _
® ,Qppb: Ay Al 9 J T |77 |< B
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» Strong suppression of DP-tagged jets
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» Similar suppression for DO-taggea
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N\+./DO ratios

. o o o R o I I I I | I I I I | I I |
 Sensitive to hadronisation mechanisms O 4 41 ALICE Preliminary :
+ © —

< pp, |s=5.02 TeV pp, \s=7 TeV _

 A+c/D0 higher than measured e+e- and ep 1.2 <05 wi<0.5 -
.. —e— data —e— data (JHEP 04 (2018) 108) -
collisions at lower vsw (A+./D° ~ 0.1-0.22) 10 —— PYTHIAS (Monash) -
------ PYTHIA8 (CR Mode1) |

0.8 - DIPSY (ropes) 7

» A+/DO similar in pp and p-Pb collisions - == HERWIGT -

p-Pb, \ s, =2.02 TeV
096 <y  <0.04 -

 Ratios in Pb-Pb collisions higher than in p-Pb
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0.4

» Ratios underestimated by models: PYTHIAS
calculations with enhanced colour
reconnection mode is the closest to the

measurement
__PYTHIABMonash  EPJC 74 (2014) 3024 A -
_____ PYUTHIAB CR Model | JHEP 08 (2015) 003 70 = 1.07£0.20(stat) Xy, 3(syst)
DIPSV JHEP 08 (2011) 103 Pb—Pb

......................................................................................................................

HERWIG7 . EPJC 58(2008)
| Pb-Pb: PLB 793 (2019) 212
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[AE(D) > AE(B) -] Raa(D) < Raa(B) ¢

« Hint of a smaller suppression for beauty-
decay electrons for pr< 6 GeV/c
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HF decay leptons: Ran
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< i _
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Charmonium production in pp

2 B ] || || I | || ] I ] | | I I I || I || | l
8 - ALICE preliminary
% oy —— — pp Vs =5.02 TeV .
D 1k e Inclusive J/y, |y|<0.9 _—
g e < L.=19.3nb"+2.1% 3
D - [
1 - —
S~~—r~"" n :.: -
=)
1 0_1 = =
Q. = NRQCD, Ma et al (prompt J/y) :*: =
O B . -
g B + FONLL, Cacciari et al (J/y from b) -
Nb B NRQCD + CGC, Ma et al (prompt J/wv) "
© 0 + FONLL, Cacciari et al (J/y from b) )
1 0—2 - NRQCD CS + CO, Butenschoen et al. (prompt J/y) —
= + FONLL, Cacciari et al (J/y from b) -
B 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 L B
0 2 4 6 8 10
p_ (GeV/c)

« Measurements of the J/Y cross section at different energies and
rapidities
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Charmonium production in pp

o:..... T .....$T‘

o’o/dp_dy (ub / (GeV/c))
=

1072

NRQCD, Ma et al (prompt J/v)

ALICE preliminary -
pp Vs =5.02 TeV
Inclusive J/vy, |y|<0.9
L. =19.3nb"+21%

==

+ FONLL, Cacciari et al (J/y from b)
NRQCD + CGC, Ma et al (prompt J/vy)
+ FONLL, Cacciari et al (J/y from b)

NRQCD CS + CO, Butenschoen et al. (prompt J/vy)

+ FONLL, Cacciari et al (J/y from b)

1

.2.

4

.6.

= 70
p_ (GeV/c)

« Measurements of the J/Y cross section at different energies and

rapidities

« Good agreement with calculations from N

FONLL (hon-prompt)

Henrique J C Zanali

RQCD calculations (prompt) +
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J/lIJ Qppb

significant suppression is obse

Backward rapidity and mid rapi

dity: no

» Models in qualitative agreement
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JHEP 07/ (2018) 160

1 ®)

al

Q.
ved C

1.4
1.2

0.8
0.6
0.4
0.2
0

ALICE, p-Pb |5, = 8.16 TeV

e inclusive J/wv — e*e (Preliminary)

inclusive J/y — u*u (JHEP07(2018)160)

CEM EPSO9NLO (R. Vogt)

nCTEQ15 reweighted (J. Lansberg et al.)

EPPS16 reweighted (J. Lansberg et al.)

— Transport (P. Zhuang et al.)
_== Comovers (E. Ferreiro)

CGC NRQCD ?R. Venugopalan et al.)
CGC CEM (B. Ducloue et al.)
Energy loss (F. Arleo et al.)

-5 -4-3-2-10 1 2 3 4 5

Backward
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J/lIJ Qppb

Backward rapidity and mid rapidity: no

significant

suppression is observed

» Models in qualitative agreement

« Forward rapidity: suppression of the J/y
yield for pt <5 GeV/c
g 2F
™ 4 oF ALICE
1.8 - Inclusive J/y, 203 <y_ <353
1.6
141
1.2 i
T
0.8 - ~H—
0.6 LBET
0.4F o p-Pbysy=816TeV
02k o p-Pb |5 = 5.02 TeV (JHEP 06 (2015) 055)
O:Illllll|III|III|III|III|III|III|III|III
o 2 4 6 8 10 12 14 16 18 20

14

Rpr

JHEP 07/ (2018) 160

p. (GeV/ce)

Henrique J C Zanali

14 R L N L N B N BN L

: ALICE, p—Pb |s, = 8.16 TeV

e inclusive J/wv — e*e (Preliminary)

inclusive J/y — u*u (JHEP07(2018)160)

0.8

0.6
- CEM EPSO09NLO (R. Vogt) i
_1nCTEQ15 reweighted (J. Lansberg et al.) h
0.4 EPPS16 reweighted (J. Lansberg et al.) —
- CGC NRQCD ?R. Venugopalan et al.) ’
CGC CEM (B. Ducloue et al.) _
0.2 Energy loss (F. Arleo et al.) =
- — Transport (P. Zhuang et al.) i
O_- . (llomolvers I(E. Flerreirlo) | | | -

5 -4 -3-2-10 1

Backward

2 3 4 5
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e Rppp¥(2S) < Rpppl/¥ at backward rapidity

P(2S) and Y(1S, 2S) Rpeb

o 1.8
x - ALICE, inclusive J/wy, y(2S) —» u'w
C 16F p-Pb ys,, = 8.16 TeV

1.4 — e Jhy(arXiv:1805.04381)
. @ y(2S5) (Preliminary)

1.2

o5t __ﬁﬂ

0.4F

0.2

Comovers (E. Ferreiro, PLB 749 (2015) 98)
- J/W - W(ZS)

CGC+ICEM (Y.Ma et al, PRC 97 (2018) 014909)

‘5 4 -3 -2 -1 0 1 2 3 4

« Models with final-state effects

rapidity

15
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O_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

reproduce the Y(2S) Rppp at backwarao

Backward
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P(2S) and Y(1S, 2S) Rpeb

o 1.8
Q:ﬂd N ALICE, inclusive J/y, y(2S) —» u'w

16F p-Pb ys,, = 8.16 TeV

1 4 — @ J/y (arXiv:1805.04381) Comovers (E. Ferreiro, PLB 749 (2015) 98)

[ ® y(2S) (Preliminary) Jhy v(28)
1.2 CGC+ICEM (Y.Ma et al, PRC 97 (2018) 014909)

N e ]

0.8F ”

06F H i ) e
= .

0.4F
0.2
O :I L 1 1 | L1 1 1 | L 1 1 1 | L 11 1 | L 11 1 | L1 1 1 | L 11 1 | L 11 1 | L1 1 1 | L 1 1 1
5 4 -3 -2 -1 0 1 > 3 4 5
ycms

e Rppp¥(2S) < Rpppl/¥ at backward rapidity

» Models with final-state effects
reproduce the Y(2S) Rppp at backwarao
rapidity
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ycms

ole with RpppY1S), but

rapidities

Backward

nhackward and forward
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J/W Ran

Centrality grows

—_—

Inclusive J/y — pHu

® ALICE, Pb—Pb \s,=5.02TeV,25<y <4, p. < 8 GeV/c

m ALICE, Pb-Pb s, =2.76 TeV,2.5< y <4, p. < 8 GeV/c

O PHENIX, Au-Au\s,=02TeV,1.2<|y|<2.2, p.> 0 GeV/c

150 200 250 300 350 400

part

PLB /66 (201/) 212

Ran(LHC) > Ran(

)

Ran decreases with <Npart> up to
~100. Change of ~10% w.r.t. 2.76 TeV.

RHIC) for forward

results.
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J/W Ran

Centrality grows

—_—

Rapidity

2Transverse momentum

< L L L L I | L L L I L L L L I L L L L I L L L L I L L L L I | L L L I L L L L I
o 4 nelusive v = ik 157 | ALICE preliminary | > imi
' i ® ALICE, Pb-Pb 5, = 5.02 TeV, 25 < y <4, p_<8 GeV/c o Pb-Pb 5. = 5.02 TeV @ Ptillz’lt(): %eirg'lgzﬁev o o, lyl <0.9
19 - m ALICE, Pb—Pb \/% =276 TeV,25< y <4, pT <8 GeV/c . : Centrality 0-90 % 15 '_ Inclusive JAp B oy, 25<y<4 N
.|- O PHENIX, Au-Au {s\ = 0.2 TeV, 1.2 <|y| <2.2,p_> 0 GeV/c I * ______________________________________________________________ i :
1 —T® E} 7]
: S — -
0.8 ~ 'H'.H._E_ | _
Lt e @ : o S )
06kE IEI|§||§||§||§||§|...|§||§|_ 0.5 _ -H- i — m
6] H@ ] 5 Incjfslve Jhp 0.5 — _
; : - e Jhp —ete l —— W
0.4 |§| = B - mJp = ptu . = —
[ i , | , , , | , , , | I B B N
0.2F O W g a b . 0 0 2 4 % 2 4 6 8 10
- | | | | | | | = y p; (GeVie)
O llllllllllllllllllllllllllllllll
0 50 100 150 200 250 300 350 400
<Npart>

PLB /66 (201/) 212

* Ran decreases with <Npart> up to * Ranincreases towards low pr.

~100. Change of ~10% w.r.t. 2.76 TeV.
« Randecreases with increasing u.

Ran(forward) < Raa(mid)

e Rpa(LHC) > Ran(RHIC) for forward
results.

16

Henrique J C Zanali 2019 RHIC/AGS Annual Users' Meeting


https://doi.org/10.1016/j.physletb.2016.12.064

Forward rapidity

<
o 4f  pLB766  ALICE, Pb—Pb |5y = 5.02 TeV -

- (2017) 212 Inclusive J/y — p* :
1.2 — 25<y<4,03<p_<8 GeVic -

1 B ............................ p— o .

0.8 K\

\ N\ -
SRR \\\\\\\ : AN
= S \\\\\\\\ \\\\\\\\ \\ \\\\\\\\\ H \\\
\\\\\ \\\ \ \\\\\\ \\\_ BN
B R SN \\\\\\ \\ R AN
;gm;;x__;i NN _
. \ \\\\\ : \\\ \\\\ RN AR SRR ARG
L o ' \\\ \\ AN R R R RN
E:.\ ...... A R A RN RS

_ . Transport, p_> 0.3 GeV/c (TM1, Du and Rapp) -
0.2 = Transport ( (TM2, Zhou et al.) —
Statistical hadronization (Andronic et al.) 7
[ Co-movers (Ferreiro)

OIIII L1 11 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII-

0 50 100 150 200 250 300 350 400 450
(N ./

part

« Qualitative agreement between different models and data.
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Forward rapidity m|o| rapldltg

< -I L L I L L I L L I | L L I L L I LI I L L I LI I LI I- < 2 1 I 1 I 1 1 I 1 I
o 14F PLB 766 ALICE, Pb—Pb \'s,, = 5.02 TeV Q:< il AUCE prellmlnary ' Data, |y|<0.9 ]
[ (2017)212 Inclusive JAy — Wi : ] PO-Pb sy =5.02TeV | |SHM (Andronicetal) -
1.2F 25<y<4,03<p <8 GeVic - 1 51 Centrality 0-20 % Transport (Du and Rapp) _|
17/ N ———.. S | :
il S : [ I Inclusive J/y — e*e _
08 ‘ i — __ 1—- ......................................................................... -
0.6F = \\\\\ ”\S&\ *%%3%&“\\\\?‘@ ] [ m i
0.4} — 0.5 N _]
[ Transport, p_ > 0.3 GeV/c (TM1, Du and Rapp) - B - )
0.2 = | Transport ( (TM2, Zhou et al.) — B ‘
Statistical hadronization (Andronic et al.) 7 ~ =
[ Co-movers (Ferreiro) i — —
O L1 11 I L1111 I L1 11 I L_1_1_1 I L1 11 I L1 11 I L1111 I L1 11 I L1111 O 1 1 1 I 1 1 1 I 1 1 1 l 1 1 1 l | 1 1
0 50 100 150 200 250 300 350 400 450 0 2 4 0 8 10
(N, P, (GeV/c)

« Qualitative agreement between different models and data.

« Rpnincreases towards low pT.compatible with the regenerated J/y scenario.

» Calculations need a more precise do../dy measurement to reduce uncertainties.
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Y(TS) and Y(ZS) Ran

< i
(. [ ALICE, Pb-Pb |5, =502TeV
1.2~ m Inclusive Y(1S) — u*u’, 2.5 4, 15 GeV/c
: usive Y(1S) = u'w,25<y<4,p_ < . Stl’Oﬂg
1_ .......................................................................................................................................................... I Suppress°on O.F
B\ Transport models .
0.8 __\ ’ Du et al. (TM1) with  // without regeneration Y(] S’ 25) | "]
-\ Zhou et al. (TM2) [ Jwith XJwithout regeneration
- central Pb-Pb.
0.6 B
0.4 R
: SN
0.2 B Hydro-dynamicalmodel T~ =———_ ___ |
- Krouppa et al. T
O i L1 1 1 | L1 1 1 | L 1 1 | | L1 1 1 | L1 1 | | L1 1 1 | L1 1 1 | L1 1 1
o) 20 100 150 200 250 300 350
<I\Ipart>
PLB /90 (2019) 89-101
PY(2S)
AA
s = 0.28 £ 0.12(stat.) £ 0.06(syst.)
RAA
o

Y(2S) suppression w.r.t. Y(1S)
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Y(TS) and Y(ZS) Ran

< i
(c [ ALICE,Pb-Pb |5, =5.02 TeV
1.2~ m Inclusive Y(1S) = u'u, p. <15 GeVic, Cent. 0-90%
L i n
B Hydro-dynamical model
0.8 - Krouppa etal. —— heavy-quark potential uncertainty
0.6 - . d '
: Rapidity
i |;| _
04 ___ o _ |=| _____ '_ﬁ-E} __________
o2k-——--——-—-—---————————=77 777"
0 i | | | | L | |
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y
:E [
- ALICE, Pb-Pb \s,, =5.02 TeV
c NN
1.2~ m Inclusive Y(1S) — u*u, 2.5 < y < 4, Cent. 0-90%
e n
i Transport model
08 Du et al. (TM1) with /7 without regeneration
s lFANSsSverse momentum
- &
0.4 | #
- 2 %f s esesss.
o
- Krouppa et al. —— heavy-quark potential uncertainty
O i ] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ] | ]
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<Npar’[>
PLB 790 (2019) 89-101

Y(2S
Rix™
Y(1S
RiA™

= (.28 = 0.12(stat.) £ 0.06(syst.)

Y(2S) suppression w.r.t. Y(1S)

. Strong
suppressi
Y(1S, 2S) in
central Pb-Pb.

« No multiplicity/
transverse
momentum
dependence

¢ Models
qualitatively
describe the
results
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dN + 00
— x 142 Y yeosn(p —w,)]

n=1

Non-central

A-A collision Dominant term in non-central A-A
collisions: v2 (elliptic flow)

Azimuthal Anisotropy (vn)
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dN + 00
— x 142 Y yeosn(p —w,)]

de
Non-central n=1
R-A collision Dominant term in non-central A-A
collisions: v2 (elliptic flow)
_p i _
In Pb-Pb calculated using the angular np o calculatgd SIS two
. . particle correlations (with low
differences w.r.t the event plane e .
multiplicity subtraction):
Vo = <COS((ppart — lPEP)> HM — LM = ay[1 + 2v, cos(Ap) + 2v, cos(Ag)]

Azimuthal Anisotropy (vn)
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Inclusive J/P: v>and vsin Pb-Pb

—— 0.25 B 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 _
1i [ ALICE 20 - 40% Pb-Pb, |5y = 5.02 TeV -
~ 02k Inclusive J/y —
e ue*e’, |y| < 0.9, V,{EP, An = 0} -
- 3 » Vo 3 -
- Ou'u,25<y <4, V{EP, An=1.1} 1
0.15 - global syst : 1% —
0.1 —
0.05 ]
Nucl. 0 B PP -
Phys. A - X. Du et al. K. Zhou et al. (2.5 < y < 4) 1 PRCB89
043 _ 254 Inclusive J/y, |yl <09 Inclusive J/y w non-collective __
0.05 - Inclusive J/y, 25<y <4 Inclusive J/y w/o non-collective 2014
2015 - mmeea- Primordial J/y, 25<y <4 Primordial J/y - 0549171.
147 _O 1 PN W TR NN SR TN SN NN TN TN T NN TN SN SN NN S T S SN S T .
- 0 2 4 6 8 10 12
PRL 119 (2017) 242301 p, (GeVic)

» v2>0for2<pr<8GeV/c

« Low pr: v2 consistent with thermalisation of charm
quarks and J/y (re)generation

- High pr: higher than predictions including path-
ength dependent energy loss
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Inclusive J/P: v>and vsin Pb-Pb

~ 02T T T T 1 T T 1 T T T T ]
Qi [ ALIGE 20 - 40% Pb-Pb, |5, = 5.02 TeV -
S 02f cee < 06, VAEP, An=0) - . First observation of J/P v3 > 0 in Pb-Pb
- Ou'u,25<y <4, V{EP, An=1.1} 1 .. . .
0.15 - - global syst : 1% C collisions (significance 3.70)
0.1 0 —E
oE T : » Important to undestand initial conditions
Nucl, o Elllsmmmmnn i
— - (Y) [ —
Phgs. A E X. DL_J et al. K. Zhou.et al. (25<y<4) | E PRC 389 > 0.04— ALICE Pb-Pb IIST\IN =502 TeV 0-50% —
943 005 D oisive . yivs | L fclushe dy wnoneolleeve 3 (2014) : :
(2015) - Primolr\c/dial J/\,p,zlz.gi;; Primolr\(/dial J/\|1W _ ! i 054 911. B Inclusive '-IhI) 7
NI TN T N TR TR N HNT T TR TN AT SR SR TR AN T T TR S S SR T B B
14z 04 2 4 6 8 10 12 0.03[7  25<y<4.0 __
PRL 119 (2017) 242301 P, (GeVic) B -
0.02F . e ¢ —
» v2>0for2<pr<8GeV/c i ;
. . — 0.01- —
« Low pr: v2 consistent with thermalisation of charm e -
quarks and J/y (re)generation o: -
- ! ! I ! ! ! I ! ! ! I ! ! ! I T
« High pT1: higher than predictions including path- 0 2 4 0 8
gn Pt hig P gp | p_ (GeV/c)
ength dependent energy loss arXiv:181112/27
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ALICE Preliminary Pb-Pb \s, =5.02 TeV

oV

15:_ 2<p_<15GeVic ® Y(1S) _:
- 2b5<y<4 B Inclusive Jhp
0.1:— o —:
: 0 n { Values are

. First look at 0.05 compatible with
the Y(1S) vs

zero, but the

I ) ] uncertainties are
A R - large.
i ® ]
-0.05/- -
5-60% l 5-20% l 20-60%
Centrality
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QA _III|III|III|III|III|III|III|III|III|III|III|III||__III|III|III|III|III|III|III|III|III|III|III|III|I_

> | 1 _
- ALICE Pb-Pb, \[SNN =5.02 TeV T -
« DO, D+and D™ vo> 0 for 04¢ P 091 T -
. i v,{EP, IAnI>0. T ]
pT blﬂ 2‘10 GG\//C 03 ® Prompt D°, D*, D* average lyl<0.8_T h
I 4+ Prompt D;’ lyl<0.8 T _
. N : :_ v.{2, IAnI>2} _:_ | _:
Ds*v2> 0 W't? 2.60 02f o x*lyl<0.5, arXiv:1805.04390  } @ :
significance for prbin o d$%m 18 :
2-8 Ge\//c | ﬁ SR —% * T $ ]
of T :
e v2Pand vam™have similar - [JSyst. from data Centrality 10-30% T Centrality 30-50%
- Syst. from B feed-down + -
Va‘ues. _0'1_III|III|IIIIIII|III|IIIIIIIlIII|IIIIIII|III|IIIIT_III|III|III|III|III|III|III|III|III|III|III|III|I_
2 4 6 8 10 12 14 16 18 20 22 24 2 4 6 8 10 12 14 16 18 20 22 24
p_ (GeV/c) p. (GeV/c)

o Difference of 20 for

2-4 GeV/c PRL 120 (2018) 102301
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D-meson vo with ESE

o
I R B B
<>
|
|

initial conditions

/=~y L L L L L L L B L B IR B
CR‘ 0.4:_ ALICE Pb-pPb, Sy =5-02TeV | [ Syst. from data -
= [ PromptD°, D* average lyl<0.8 T I Syst. from B feed-down 1
Bulk v g 1 :
— - 0.3F T .
2\ A~ 2 S : '*‘ :
<42> ~ 1+ <<M_1>><<Uz+52>> > 0.2F I | -
. . 0.1
» Slice events based on its shape. :
Ji
- Centrality 10-30% 1
« 20% large-g>TPC -> ~40% more V> P i
S [T rr e e e
% ~ ¢ 60% small- qTF’C 1
» 60% small-g2TPC -> ~25% less vo S O = 20%largeq) T
=) @ unbiased il
. N i T
« D mesons are sensitive to the = | | 1
. .. o [ +|& O
ight-quark collectivity and g 1—8H ‘
. . O
event-by-event fluctuations in a e
u
>C\I

) 4 6 8 10 12 2 4 6 8 W >
P, (GeV/e) p (GeV/c) / l\4
arXiv:1809.093/1
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J/P vowith ESE

S | ALICEPb-Pb |5, =5.02TeV 5-40% 1 B [ ALICE Pb-Pb ys,, = 5.02 TeV 5-40% ]

_ - ) B ® -

0.oF Inclusive JAp, 2.5<y<4.0 - .g i 2.5<y<4.0 1

sl . - c oL —

l m Unbiased 1l 3 or l _

- O 20% Iow-q‘z’OA 1 & L o -

e . V O A - \ Y Y WY Y Y Y Y WY Y YN YWY WY Y Y N Y ;/ N Y Y Y Y Y Y K Y Y Y Y Y WYY NN NN YN

0.15 @ 20% high-q; 41 = éxxwxxxxxxiiﬁ_x_%xxx SO ijlxxxxxxxx ]
i O _ - + - —

i 1 I R, O v S : /|

= | l = _é /////////////// 7 v /_ S S S /l I/ S s /_/r //////

ot R ; -

- + ] E - O Jh Iow-q\2’OA -

- 1 &0 ® Uy high-g!* =

0.05¢ | - s L 1S —— Jhp low-g": Fit =10 -

i 0 _ i — Jhp high-q**: Fit =10 ]

o] PRI - _q= O u*low-g " _

- i I m . high-g* -

arXiv:18M12/27 i | | | | | i - | | | | .

2 4 6 8 10 2 4 6 8 10
P (GeV/c) P (GeV/c)

» J/WP v2 increases 35% in the high gz class (ratio: 1.35+£0.14) and decreases in the low qp
class (ratio: 0.79+0.14).

- Compatible with the expected variations of the eccentricity of the initial-state
geometry within the uncertainties.
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JIy

p-Pb, (0-20%)-(40-100%), |'s,=5.02,8.16 TeV ALICE

i o 2.03<y”"<3.53
0.2 o -4.46<y""<-2.96

~  Pb-Pb, 2.5<y""<4, |5, =5.02 TeV

- o 5-20%

o O 20-40% |
0.1F :

PLB 880 (2018) /

» v2>0 for 3<pr<6 GeV/c with a

significance >50 (backward+forward 5.02
and 8.16 TeV)
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E;;N | p-Pb, (0-20%)-(40-100%), |'s,,=5.02,8.16 TeV ALICE
0.2 1 Lieyteanss
~  Pb-Pb, 2.5<y""<4, |s,=5.02 TeV
— S 5-20%
0.1
e
| Transport model, Pb-Pb, 20-40%, 2.5<y" <4, |s,,=5.02 TeV
B i Inclusive J/ |
| Primordial J/vy
||||||||||||||||||||||||||||||||II|IIII
0 1 2 3 4 5 9 / 8
y
PLB 880 (2018) 7 p;" (GeVic)
» v2>0 for 3<pr<6 GeV/c with a
significance >50 (backward+forward 5.02
and 8.16 TeV)

02__ ALICE
p-Pb, VSNN =5.02 TeV
(0-20%) - (60-100%)

—0— (c,b) — e,Inl < 0.8, 1Anl < 1.2

—i— Charg. part., Inl < 0.8, 0.8 <IAnl < 1.6
—— u, p-going-4<n<-2515<IAn <5
—+— u, Pb-going -4 < n<-2.5,1.5<IAnl <5

"

0.15
——

- e

0.1

G

0.05

e
13

E%FI

1 2 3 4 5 6
p. (GeV/c)

PRL 122 (2019) 0/2301

v2 >0 with a significance of more
than 50 for 1.5 < pr<4 GeV/c.
vo HFe = 5> v and v, HFe < v, ch. part.

29 Henrique J C Zanali

2019 RHIC/AGS Annual Users’ Meeting


https://doi.org/10.1103/PhysRevLett.122.072301
https://doi.org/10.1016/j.physletb.2018.02.039

Summary

» Production: open and hidden HF production in pp, p-Pb and Pb-Pb.

N

» Suppression of open and hidden heavy flavour in Pb-Pb. Mass ordering?

Mid-rapidity Rppp compatible with unity.

+ A+/DOin Pb-Pb higher than in p-Pb (20) and Raa(A+c) > Rana(D%+*) in 1.70.
Coalescence production?

» Suppression of quarkonium states. Consistent with a (re)generation scenario.

20 Henrique J C Zanali 2019 RHIC/AGS Annual Users' Meeting




Summary

» Production: open and hidden HF production in pp, p-Pb and Pb-Pb.

P~

» Suppression of open and hidden heavy
Mid-rapidity Rppp compatible with unity.

+ A+/DOin Pb-Pb higher than in p-Pb (20) and Raa(A+c) > Rana(D%+*) in 1.70.
Coalescence production?

avour in Pb-Pb. Mass ordering?

» Suppression of quarkonium states. Consistent with a (re)generation scenario.

» Azimuthal anisotropy: detailed study of open and hidden HF flow in Pb-Pb and p-Pb

» Positive vo for open and hidden HF in Pb-Pb collisions. Charm quarks participate in
the medium collective motion.

« First measurement of the J/P vi. Information about the initial state.

« Event Shape Engineering studies for D mesons and J/P. HF v2 sensitive to bulk v2.

» Positive v2 for open and hidden HF in p-Pb collisions. Collective effects in p-Pb?
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D-meson Ratios

« Sensitive to the fragmentation functions:
universality of D-meson fragmentation functions

o 1 _8_| T T T T T T T 1 T T ] o 1 .8_| T T T 1 T T 1 T T ]

Q ~ ALICE Preliminary ly|<0.5 7 Q ~ ALICE Preliminary ly|<0.5 7

+ - ] + L |
n 1'6_ m pp, {s=5.02TeV - 1'6: m pp, Vs =5.02TeV

{4 ¢ PP VS = 5.02 TeV B 1 af ¢ PP VS = 5:02 TeV B

' e 0-10% Pb-Pb, \/S_NN =5.02 TeV, arXiv:1804.09083 “'r e 0-10% Pb-Pb, \/s_NN =5.02 TeV, arXiv:1804.09083 -

1.2 = 1.2 =

1 ~ 1 ~

No significant pr
dependence found

pp arXiv:1901.0/979

~ 10.7% BR uncertainty not shown

O_| 1 1 L]
1 10

P, (GeV/c)
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https://arxiv.org/abs/1901.07979

D-meson Ratios

« Sensitive to the fragmentation functions:

o 1
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. . . . + (.9 —
universality of D-meson fragmentation functions O """F = pp, V5=5.02TeV -
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dependence found

pp arXiv:1901.0/979

~ 10.7% BR uncertainty not shown
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HF decay leptons: Ran

ALICE Preliminary
0-10% Pb-Pb, \s . = 5.02 TeV

< 1.8
<
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1.6 « Models with mass

dependent energy
loss provide a good
description
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Beauty electron Ran
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ALD°

Baryon/Meson ratios vs models
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/ N
- / AN ALICE ]
7[ ]
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Catalina: EPJC 78 (4) (2018) 348
Shao-Song:

PRC 97 (8) (2018) 064915
Results described

by mode
calculations
including only

coalescence
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Inclusive J/Y: v> calculation (Pb-Pb)

33 Henrique J C Zanali
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Inclusive muon v2in p-pb

» Dominated by muons from open
neavy in the ranged studied

« Calculated using cumulants

P~

« Non-flow contributions subtracted
using pp collisions

« Positive v> measured.

34 Henrique J C Zanali

V{2, 1Anl > 1}

o
—h
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O
—h

ALICE Preliminary Inclusive u=, 2.03 < Y os < 3.53
p-Pb\s,,=8.16 TeV

' == ' 1 :
Systematic Uncertainty

M
1l

Multiplicity class CL1: 0-10%
—— Multiplicity class CL1: 10-20%

1 2 3 4 5 6
p. (GeV/c)
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Inclusive J/P: v>and v3
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D-meson v-
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Charmonium production in pp o

» 13 TeV significantly extend the pt range P(2S)
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https://doi.org/10.1140/epjc/s10052-017-4940-4

Charmonium production in pp

h.>» - &

» 13 TeV significantly extend the pt range

» Spectra is harder for increasing energy

. P(2S)/(J/P) ratios show no energy dependence
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D-meson v-
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Selectioningz T
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D-meson vz with Event Shape Engineering

Results for VORA:
Reduced selectivity in gp

R
>  ALICE Pb-pPb

T
, \Sy = 5-02
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st. from data ]
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| Charged particles, v, {2, IA5I>0.9}, Inl<0.8
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Event-shape
engineering (ESE)
with the reduced

How does the ¢
quark couples with

High g> '\T /

flow vector: More — the bulk of light
Elliptical uarks?
INnteraction / , \4 .
4 = Q2 /\ﬁw area \ 4

(@) 1+ ((M=D){((u3+8,)) r7==""" o
Bulk-particle A) \ / Low q>

Study one observable in classes
of events corresponding to the
same centrality, but different
eccentricity

\ More circular
/ | X INteraction area

Y
l

S
|
Mz
QN.
S

M: charged-particle multiplicity
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HFe vz in p-Pb

_1)

g 0.7 ; ALICE (c,b) — e - charged particle correlation _;
= o.E PPRASW=202TeV o pe <4 Gevic,-126<y; <034 -
o - A7 < 1.2 ) =
= = 0.3<p®" <2 GeVic =
T 0.9F . T —
N - + --0-20% VOA class -
I 04F - =
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m —— - T -
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« Correlation obtained for high- and
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low-multiplicity events

1'_-8 4.5— ALICE (c,b) — e - charged particle correlation —:
= ~ PPb Y5 =5.02TeV 5 _ pe_4Gevic,-1.26<y® <034
- - |An|<1.2 ! h e ]
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IZ g N ]
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—| < B N
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o B N
L — —
| T - —
< 4.31 —
- —o— Data =
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- —— a=4.356+0.004 -
N - V,, =-0.0003 + 0.0007(stat.) i
B --- = 0.0040 * 0.0007(stat. —
4.2 Vaa (stat.)

B ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | I—
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» Jet subtraction: low multiplic
correlations used to
of short-range corre

ity
Most

remove
ations

2019 RHIC/AGS Annual Users’ Meeting



J/P

v2 in p-Pb

» V2 compatible with zero for
oT1<3 GeV/c

« v2>0 for 3<pr<6 GeV/c with a
significance >50 when

combin

forwarc

ing backward and

results at the two

energies (5.02 and 8.16 TeV)

« Similar to the one obtained in

DO_Db
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PLB 880 (2018) /

JIy

: p-Pb, (0-20%)-(40-100%), | S,,=5-02,8.16 TeV ALICE
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02 B 0 -4.46<y‘""’<-2.96
~ Pb-Pb, 2.5<y""<4, \'5,,,=5.02 TeV
- o 5-20%
— O 20-40% <|> r
!

Transport model, Pb-Pb, 20-40%, 2.5<y" <4, |s,,=5.02 TeV
Inclusive J/y
Primordial J/y
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